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PROVIEHNG AN AR THCLE HAVING ONE OR MORE

COMPONENTS CONTAINING OR COATED WiTH COPPER g

PROVIDING A BARREL DISPOSED IN A CONTAINER. THE
CONTAINER CONTAINING AN ELECTROLYTIC SOLUTION AND |~ 220
A COPPER STARTING POLE COMPONENT '

POSHIONING A PLURALITY OF ELECTRICALLY CONDUGTIVE

PARTICLES AND THE ARTICLE WHTRHIN THE BAKREL

SEPARATING ONE OR MORE COPPER 1ONS FROM AT LEAST
A PORTION OF THE ARTICLE BY ELECTROLYSIS TN 040

FIG. 2
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330
PARTICLES IN THE PLATING BARREL 8

POSITIONING THE PLATING BARREL IN THE ELECTROLYTIC
SOLUTION ~--340

SEPARATING ONE OR MUORE COPPER IONS FROM AT LEAST ONE
OF THE ONE OR MORKE AKTICLES INTO 1 HE ELECTROLY TG -
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RECLAIMING METAL FROM ARTICLES

CLAIM OF PRIORITY

This application 1s a U.S. national stage filing under 35

U.S.C. §371 of International Application No. PCT/CN2011/
075843, filed Jun. 17, 2011 and entitled “Reclaiming Metal
From Articles,” the disclosure of which 1s incorporated by
reference 1n 1ts entirety.

BACKGROUND

The present disclosure generally relates to reclaiming
metal from articles, and, more particularly, to reclaiming
metals from articles having one or more components contain-
ing or coated with copper.

SUMMARY OF THE DISCLOSUR.

L1l

A first aspect of the present disclosure generally describes
methods of reclaiming metals. Example methods may
include providing an article having component(s) containing
or coated with copper, and providing a barrel disposed 1n a
container containing an electrolytic solution and a copper
starting pole component. Example methods may also include
positioning a plurality of electrically conductive particles and
the article within the barrel, and separating copper 1on(s) from
at least a portion of the article by electrolysis

A second aspect of the present disclosure generally
describes methods of reclaiming metals. Example methods
may include providing one or more articles, each respective
article containing at least one component containing or
coated with copper, and providing an electrolytic bath
adapted to recerve a porous plating barrel, an electrolytic
solution and a copper starting pole component. The plating
barrel may be adapted to recerve the one or more articles and
a plurality of electrically conductive particles. Example
methods may also include positioning the one or more articles
and at least a portion of the plurality of electrically conductive
particles in the plating barrel, and positioning the plating
barrel i the electrolytic solution. Example methods may
even further include separating copper 1ion(s) from at least one
of the articles 1nto the electrolytic solution using an electroly-
s1s process, and receiving at least one of the one or more
separated copper 10ns by the copper starting pole component.

A third aspect of the present disclosure generally describes
methods of reclaiming metals. Example methods may
include providing circuit board(s), each respective circuit
board having a copper component disposed thereon, and pro-
viding an electrolytic bath adapted to recerve a porous plating,
barrel, an electrolytic solution and a copper starting pole
component. The plating barrel may be adapted to recerve the
circuit board(s) and a plurality of electrically conductive par-
ticles, and may be further adapted to allow the electrolytic
solution to enter and exit the plating barrel. Example methods
may also include positioning the electrolytic solution in the
clectrolytic bath, and positioning, in the plating barrel, the
circuit board(s) 1n contact with at least a portion of the elec-
trically conductive particles. Example methods may also
include positioning the plating barrel and copper starting pole
component 1n the electrolytic bath, and biasing the plating
barrel with a positive voltage relative to a voltage of a copper
starting pole component to facilitate transier of one or more
copper 1ons from the at least one copper component to the
copper starting pole component via electrolysis. Example
methods may further include rotating the plating barrel within
the electrolytic bath to facilitate exposure of the at least one
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copper component to the electrolytic solution and the portion
of the electrically conductive particles.

A Tfourth aspect of the present disclosure generally
describes reclaimed copper matenials produced by an
example method that includes providing an article having one
or more components containing or coated with copper, and
providing a barrel disposed 1n a container containing an elec-
trolytic solution and a copper starting pole component.
Example methods may includes positioning a plurality of
clectrically conductive particles and the article within the
barrel, and separating one or more copper 1ons from at least a
portion of the article by electrolysis.

A fifth aspect of the present disclosure generally describes
reclaimed copper maternals produced by an example method
that includes providing one or more articles, each respective
article containing at least one component containing or
coated with copper, and providing an electrolytic bath
adapted to recerve a porous plating barrel, an electrolytic
solution and a copper starting pole component, where the
plating barrel 1s adapted to recerve the one or more articles
and a plurality of electrically conductive particles. Example
methods may include positioning the one or more articles and
at least a portion of the plurality of electrically conductive
particles 1n the plating barrel, and positioning the plating
barrel 1in the electrolytic solution. Example methods may
further include separating one or more copper 1ons from at
least one of the one or more articles mto the electrolytic
solution using an electrolysis process, and receiving at least
one of the one or more separated copper 10ons by the copper
starting pole component.

A sixth aspect of the present disclosure generally describes
reclaimed copper maternials produced by an example method
that 1includes providing one or more circuit boards, each
respective circuit board having a copper component disposed
thereon, and providing an electrolytic bath adapted to receive
a porous plating barrel, an electrolytic solution and a copper
starting pole component. The plating barrel may be adapted to
receive the one or more circuit boards and a plurality of
clectrically conductive particles, and may be further adapted
to allow the electrolytic solution to enter and exit the plating
barrel. Example methods may also include positioning the
clectrolytic solution in the electrolytic bath, and positioning,
in the plating barrel, the one or more circuit boards 1n contact
with at least a portion of the plurality of electrically conduc-
tive particles. Example methods may further include posi-
tioning the plating barrel and copper starting pole component
in the electrolytic bath, and biasing the plating barrel with a
positive voltage relative to a voltage of a copper starting pole
component to facilitate transter of one or more copper 10ns
from the at least one copper component to the copper starting
pole component via electrolysis. Example methods may even
turther include rotating the plating barrel within the electro-
lytic bath to facilitate exposure of the at least one copper
component to the electrolytic solution and the portion of a
plurality of electrically conductive particles.

The foregoing summary i1s illustrative only and is not
intended to be 1n any way limiting. In addition to the 1llustra-
tive aspects, embodiments, and features described above, fur-
ther aspects, embodiments, and features will become appar-
ent by reference to the drawings and the following detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present disclosure
will become more tully apparent from the following descrip-
tion and appended claims, taken in conjunction with the
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accompanying drawings. Understanding that these drawings
depict only several embodiments in accordance with the dis-

closure and are, therefore, not to be considered limiting of 1ts
scope, the disclosure will be described with additional speci-
ficity and detail through use of the accompanying drawings.

In the drawings:

FIG. 11s adiagram depicting an example environment used
in some embodiments of reclaiming metal(s) from articles;

FI1G. 2 1s a tlowchart depicting some example methods of
reclaiming metal;

FIG. 3 1s a flowchart depicting some example methods of
reclaiming metal;

FIG. 4 1s a flowchart depicting some example methods of
reclaiming metal;

FIG. 5 1s a diagram depicting some example reclaimed
copper materials;

FIG. 6 1s a diagram depicting some example reclaimed
copper materials;

FIG. 7 1s a diagram depicting some example reclaimed
copper materials;

FIGS. 8A and 8B are diagrams depicting some example
articles containing at least one component containing or
coated with copper; and

FIGS. 9A, 9B, 9C and 9D are diagrams depicting cross-
section views ol example articles containing at least one
component containing or coated with copper; all arranged 1n
accordance with at least some embodiments of the present
disclosure.

DETAILED DESCRIPTION

In the following detailed description, reference 1s made to
the accompanying drawings, which form a part hereof. In the
drawings, similar symbols typically identiy similar compo-
nents, unless context dictates otherwise. The illustrative
embodiments described 1in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be used, and other changes may be made, without depart-
ing {from the spirit or scope of the subject matter presented
here. It will be readily understood that the aspects of the
present disclosure, as generally described herein, and 1llus-
trated 1n the Figures, may be arranged, substituted, combined,
and designed 1n a wide variety of different configurations, all
of which are explicitly contemplated and make part of this
disclosure.

Methods, systems, apparati and/or matenals related to
reclaiming metal from articles, and, more particularly, to
reclaiming metals from articles having one or more compo-
nents containing or coated with copper are described.

The present disclosure contemplates that electronic wastes
are the fastest growing solid wastes due to the increasing
speed of the replacement of the older generations of elec-
tronic products. In particular, waste circuit boards may be
difficult to treat and/or recycle, as many circuit boards have
metal components, including copper components, disposed
thereon. For example, many circuit boards include one or
more copper foils that may be reclaimed for other uses.

FIG. 1 1s a diagram depicting an example environment 100
used 1 some embodiments of reclaaming metals from
articles. Example embodiment 100 includes a plating barrel
114 and a copper starting pole component 118 (e.g., copper

starting pole plate), both positioned 1n an electrolytic bath 112
and immersed 1n an electrolytic solution 122. The electrolytic
solution 122 may be any known electrolytic solution, such as
copper sulfate and sulfuric acid and copper chloride and
hydrochloric acid. Example concentrations of a copper sul-
fate and sulfuric acid electrolytic solution 122 may include
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35-35 g/LL of copper sulfate and 100-200 g/L. of sulturic acid.
The plating barrel 114 may have porous walls (e.g., holes or
slots 1n the walls) to allow electrolytic solution 122 to flow 1n

and out of the plating barrel 114. In this manner, articles
110A, 1108, 110C (e.g., circuit boards having metal compo-
nents disposed thereon) and 1nert electrically conductive par-
ticles 116 A, 116B may be 1n electrical communication with
the electrolytic solution 122. In some examples, an inner wall
of the plating barrel 114 may have electrical conductive
attributes. The plating barrel 114 may be coupled to a positive
(+) pole 132 of a power source 130. Such coupling may be
between the positive (+) pole 132 and a central shaft 120 of
the plating barrel 114. The copper starting pole component
118 may be coupled to a negative (—) pole 134 of the power

source 130.

The articles 110A,110B, 110C and electrically conductive
particles 116 A, 116B may belocated in the plating barrel 114.
When the power source 130 1s in a conductive state, copper

components (e.g., copper fo1l) disposed on the articles 110A,
110B, 110C may separate from the articles 110A, 110B,

110C and enter the electrolytic solution 122 as copper 1ons
124 under the conventional principals of electrolysis. When
the copper 1ons 124 enter the electrolytic solution 122, the
copper 1ons 124 may be attracted to the copper starting pole
component 118 under the conventional principals of elec-
trolysis. When the copper 1ons 124 have collected and/or
accumulated to a desired thickness on the copper starting pole
component 118, the copper starting pole component 118 may
be removed from the electrolytic bath 112. In this way, copper
components of the articles 110A, 1108, 110C may be ¢lec-
trolyzed mto a copper starting pole component 118.

In some examples (as depicted 1n FI1G. 1), the copper start-
ing pole component 118 may be formed as an arc shape to
reduce the distance between the copper starting pole compo-
nent 118 and the plating barrel 114. In this manner, the effi-
ciency of the electrolysis process may be improved. Other
shapes and/or arrangements may also be used. In some
examples, the distance between copper starting pole compo-
nent 118 and the plating barrel 114 may be minimized to help
minimize voltage loss, thus improving electrolysis efficiency
and reducing electricity consumption.

In some examples, the articles 110A, 110B, 110C may
include a non-conductive base material having one or more
metals (e.g., copper component) disposed thereon or coupled
thereto (e.g., printed circuit boards having conductive metal
tracks and/or pathways). In an attempt to maximize reclama-
tion of metals, electrically conductive particles 116A, 116B
may be used to electrically couple the metal portions of the
articles 110A, 110B, 110C to the positively electrically
charged plating barrel 114. In some examples, the plating
barrel 114 may be rotated and/or rolled 1n an effort to maxi-
mize contact of the metal portions (e.g., copper components)
of the articles 110A, 110B, 110C and the positively electri-
cally charged plating barrel 114. In this manner, a greater
amount of metal portions may become electrically conduc-
tive, thus being separated from the articles 110A, 110B,
110C. Other metals less electrically active than copper (e.g.
gold, silver, aurum, platinum, lead) that may be attached to a
copper component on an article 110A, 1108, 110C may also
separate from the article 110A, 110B, 110C. Such metals may
then sink in the electrolytic solution 122 toward a bottom
surface of the electrolytic bath 112 to become a silt, and may
also be reclaimed. Other metals more electrically active than
copper (e.g. zinc, nickel, iron and the like) may enter into the
clectrolyte as 1ons, and may be reclaimed by standard elec-
trolyte purification techniques.
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FIG. 2 1s a flowchart depicting some example methods 200
of reclaiming metal, in accordance with at least some embodi-
ments of the present disclosure. Example method 200 may
include one or more of operations, functions or actions as
depicted by blocks 210, 220, 230 and/or 240.

Processing may begin at block 210, by providing an article
having one or more components containing or coated with
copper. Block 210 may be followed by block 220. At block
220, a barrel disposed 1n a container may be provided. The
container may contain an electrolytic solution and a copper
starting pole component. At block 230, a plurality of electri-
cally conductive particles and the article may be positioned
within the barrel. Continuing to block 240, one or more cop-
per 1ons may be separated from at least a portion of the article
by electrolysis.

In some examples, the article may be a circuit board having,
a copper component disposed at least partially thereon. In
some examples, the copper component may 1include a copper
fo1l. In some examples, the article may include a plurality of
circuit boards. In some examples, the container may include
an electroplating machine.

In some examples, the positioning operation (at block 230)
may include placing the circuit board 1n contact with the
plurality of electrically conductive particles and/or the barrel.
Some examples may provide for the positioning operation (at
block 230) to mclude placing the article 1n contact with an
inner surface of the barrel. In some examples, the positioning
operation (at block 230) may include positioning the article in
contact with at least a portion of the plurality of electrically
conductive particles and a conductive inner surface of the
barrel.

In some examples, the plurality of electrically conductive
particles may include lead particles, lead-antimony alloy par-
ticles, lead-tin-calcium alloy particles, conductive plastic par-
ticles and/or graphite particles. In some examples, the elec-
trolytic solution may include copper sulfate and/or sulfuric
acid.

In some examples, the barrel may include an acid-resistive
material and/or a thermo-resistive material. In some
examples, the barrel may include a plastic barrel having a
corrosion-resistant conductive metal material interior wall. In
some examples, a nylon plastic and/or ABS plastic barrel may
include a lead and/or lead alloy lining. In some examples, the
barrel may include a corrosion-resistant metal/metal alloy
(c.g., Alloy 20). In some examples, the barrel wall may
include substantially round holes that are of a larger diameter
than the conductive particles present. For example, 11 the
conductive particles are 3-5 mm in diameter, the wall holes
may be 1-2 mm in diameter. After a period of use, the diam-
cter of conductive particles becomes may be reduced due to
wear and tear. In such example, the diameter of the holes may
be smaller than 1-2 mm to extend the service life of the
conductive particles. Over time, the diameter of the conduc-
tive particles may be drastically reduced, causing the conduc-
tive particles to fall through the holes. Such conductive par-
ticles may be removed from the electrolytic solution by
filtration, and may be re-recycled.

In some examples, the separating operation (at block 240)
may include electrically coupling the barrel to a positive pole
ol a power source, and electrically coupling the copper start-
ing pole component to a negative pole of the power source.
Some examples may also include applying a voltage by the
power source. In some examples, the voltage applied may be
in a range of approximately 0.2 V10 0.4 V. In some examples,
voltages greater than 0.4 V may be applied. In some
examples, the voltage applied may depend on the circulation
speed of the electrolytic solution (the electrolyte may tlow
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within the electrolytic bath rather than remaining still), the
temperature of the electrolytic solution and the amount of
impurities 1n the electrolytic solution. To improve reclaimed
copper quality, the ranges of impurity concentrations in the
clectrolyte may be controlled (e.g., As<7 g/L., Sb<t0.7 g/L,
B1<0.5 g/L., Ni1<7 g/L) using well-known techniques. Varia-
tions of the contents 1n the electrolytic solution, the circulat-
ing speed and the temperature may lead to variation of the
clectroconductivity of the electrolytic solution, which may
lead to variation of the voltage.

In some examples, the barrel may be rotated to facilitate
enhanced contact between the article and electrically conduc-
tive particles.

In some examples, the article may include one or more
non-copper metal components. In such examples, the sepa-
rating operation (at block 240) may cause separation of the
non-copper metal components from the article.

In some examples, the copper starting pole component may
include a copper starting pole plate. In some examples, the
separated copper 1ons may be recerved by the copper starting
pole component. In such examples, the non-copper metal
components may fall toward a bottom surface of the con-
tainer. In some examples, the article may include a plurality of
articles, where each article may contain at least one compo-
nent containing or coated with copper.

FIG. 3 1s a flowchart depicting some example methods 300
of reclaiming metal, in accordance with at least some embodi-
ments of the present disclosure. Example method 300 may
include one or more of operations, functions or actions as
depicted by blocks 310, 320, 330, 340, 350 and/or 360.

Processing may begin at block 310, by providing one or
more articles, each respective article containing at least one
component containing or coated with copper. Block 310 may
be followed by block 320. At block 320, an electrolytic bath
may be provided. The electrolytic bath may be adapted to
receive a porous plating barrel, an electrolytic solution and a
copper starting pole component. The plating barrel may be
adapted to recerve the articles and a plurality of electrically
conductive particles. At block 330, the articles and at least a
portion of the plurality of electrically conductive particles
may be positioned 1n the plating barrel. Continuing to block
340, the plating barrel may be positioned 1n the electrolytic
solution. Block 340 may be followed by block 350. At block
350, one or more copper 1ons from the articles may be sepa-
rated 1nto the electrolytic solution using an electrolysis pro-
cess. Continuing to block 360, at least one of the separated
copper 1ons may be recerved by the copper starting pole
component.

In some examples, the separating operation (at block 350)
may include coupling the plating barrel to a positive pole of a
power source, and coupling the copper starting pole compo-
nent to a negative pole of the power source. In such examples,
an electrical potential may be applied to facilitate the elec-
trolysis process.

In some examples, the positioning operation (at block 330)
may include placing the articles in contact with one or more of
the plurality of electrically conductive particles and the plat-
ing barrel. In some examples, the positioning operation (at
block 340) may include at least partially submerging the
article and a portion of the electrically conductive particles in
the electrolytic solution.

In some examples, the articles may include circuit boards
having a copper foi1l disposed at least partially thereon. In
some examples, the articles may include one or more non-
copper metal components. In such examples, the separating
step (at block 350) may cause separation of the non-copper
metal components from the articles.
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FI1G. 4 1s a flowchart depicting some example methods 400
of reclaiming metal, in accordance with at least some embodi-
ments of the present disclosure. Example method 400 may
include one or more of operations, functions or actions as
depicted by blocks 410, 420, 430, 440, 450, 460 and/or 470.

Processing may begin at block 410, by providing one or
more circuit boards, each respective circuit board having a
copper component disposed thereon. Block 410 may be fol-
lowed by block 420. At block 420, an electrolytic bath may be
provided. The electrolytic bath may be adapted to receive a
porous plating barrel, an electrolytic solution and a copper
starting pole component. The plating barrel may be adapted to
receive the circuit boards and a plurality of electrically con-
ductive particles. The plating barrel may also be adapted to
allow the electrolytic solution to enter and exit the plating
barrel. At block 430, the electrolytic solution may be posi-
tioned in the electrolytic bath. Continuing to block 440, the
circuit boards may be positioned 1n the plating barrel such that
the circuit boards are 1n contact with at least a portion of the
plurality of electrically conductive particles. Block 440 may
be followed by block 450. At block 450, the plating barrel and
copper starting pole component may be positioned 1n the
clectrolytic bath. Continuing to block 460, the plating barrel
may be biased with a positive voltage relative to a voltage of
a copper starting pole component to facilitate transfer of one
or more copper 1ons from the copper component(s) to the
copper starting pole component via electrolysis. Continuing
to block 470, the plating barrel may be rotated within the
clectrolytic bath to facilitate exposure of the copper compo-
nent(s) to the electrolytic solution and the portion of a plural-
ity of electrically conductive particles. In some examples, the
plating barrel may rotate one revolution per minute. Other
rotation speeds may also be used.

In some examples, the biasing operation (at block 460)
may include coupling the plating barrel to a positive pole of a
power source, and coupling the copper starting pole compo-
nent to a negative pole of the power source. In such examples,
a voltage may be applied by the power source. In some
examples, a voltage may be applied until visual mspection
indicates all (or substantially all) copper has been removed.
Such a visual inspection may occur while the circuit boards
are positioned 1n the plating barrel, or while some or all of the
circuit boards are removed from the plating barrel.

In some examples, the positioning operation (at block 440)
may include positioning, in the plating barrel, the circuit
boards 1n contact with a conductive mner surface of the plat-
ing barrel.

FIGS. 5, 6 and 7 depict example reclaimed copper materi-
als produced by the methods described herein. Specifically,
FIG. 5 depicts example reclaimed copper materials produced
by the example process depicted 1in FIG. 2. Similarly, FIG. 6
depicts example reclaimed copper materials produced by the
example process depicted mn FIG. 3. Additionally, FIG. 7
depicts example reclaimed copper materials produced by the
example process depicted 1in FIG. 4.

FIGS. 8 A and 8B depict example articles as circuit boards
having one or more components containing or coated with
copper, arranged 1n accordance with at least some embodi-
ments of the present disclosure. As depicted in FIGS. 8A and
8B, the circuit board 810 may have copper component(s) 820
and/or non-copper component(s) 830 disposed thereon. In
FIG. 8A, a non-copper component 830 1s disposed upon a
copper component 820. In FI1G. 8B, a copper component 820
1s disposed upon a non-copper component 830. Other com-
ponent arrangements may also be possible.

FIGS. 9A, 9B, 9C and 9D depict cross-section views of

example articles as circuit boards having one or more com-
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ponents containing or coated with copper, arranged 1n accor-
dance with at least some embodiments of the present disclo-
sure. In FIGS. 9A, 9B and 9C, a copper component 920 1s
disposed upon a non-copper component 930 in various
arrangements. FIG. 9A shows an example where the copper
component 920 complete covers a non-copper component

930. FIGS. 9B and 9C shows an example where the copper
component 920 partially covers a non-copper component

930. FIG. 9D shows an example where the copper component
920 1s partially covered by a non-copper component 930.

Other component arrangements may also be possible.

EXAMPLES

Example 1
Reclaiming Copper from Circuit Boards

Multiple copper-clad circuit boards are provided, obtained
from discarded electronics waste. An electrolysis container 1s
provided containing an aqueous solution of 45 g/L. copper
sulfate and 130 g/L. of sulfuric acid, as well as a copper
starting pole. The circuit boards are placed 1n a porous
ceramic lead-lined plating barrel along with lead electrically-
conductive particles. The barrel 1s placed within the container
such that the aqueous solution penetrates the porous barrel
and contacts the circuit boards.

A voltage o1 0.3 V 1s applied for one hour, during which
copper 1ons are released from the circuit boards and deposited
on the copper starting pole. A visual inspection of the circuit
board confirms that copper 1s no longer visible on the circuit
boards.

Example 2

Reclaiming Copper, Nickel, and Silver from Circuit
Boards

Multiple printed circuit boards (“PCBs™) are provided,
containing copper, nickel, and silver components. An elec-
trolysis container 1s provided containing an aqueous solution
of 50 g/LL copper sulfate and 100 g/L of sulfuric acid, as well
as a copper starting pole. The circuit boards are placed 1n a
porous ceramic lead-lined plating barrel along with graphite
clectrically-conductive particles. The barrel 1s placed within
the container such that the aqueous solution penetrates the
porous barrel and contacts the circuit boards.

A voltage o1 0.45 'V 1s applied for two hours, during which
copper 1ons are released from the circuit boards and deposited
on the copper starting pole. A visual mmspection of the circuit
board confirms that copper, nickel, and silver are no longer
visible on the circuit boards. Nickel, being more electrically
active than copper, 1s 1solated from the aqueous solution by
clectrolyte purification. Silver, being less electrically active
than copper, 1s 1solated as a silt at the bottom of the electro-
lytic bath.

Example 3
Reclaiming Copper from Circuit Boards

Multiple copper-clad circuit boards are provided, obtained
from discarded electronics waste. An electrolysis container 1s
provided containing an aqueous solution of 45 g/I. copper
sulfate and 150 g/L. of sulfuric acid, as well as a copper
starting pole. The aqueous solution 1s approximately 65° C.
Additives are added to the aqueous solution, including 30-40
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g/L. of glue (e.g., bone glue and gelatin), 30-40 g/ of thio-
urea, and 13-30 g/L of casein. In addition, glues on the surface
of the copper-clad circuit boards are removed by physical
and/or chemical methods prior to electrolysis. The circuit
boards are placed 1n a porous lead-lined plating barrel along
with lead electrically-conductive particles. The barrel 1s
placed within the container such that the aqueous solution
penetrates the porous barrel and contacts the circuit boards.

A voltage of 0.3V 1s applied for eight hours, during which
copper 1ons are released from the circuit boards and deposited
on the copper starting pole. A visual ispection of the circuit
board confirms that copper 1s no longer visible on the circuit
boards.

The herein described subject matter sometimes illustrates
different components contained within, or connected with,
different other components. It 1s to be understood that such
depicted architectures are merely examples, and that 1n fact
many other architectures may be implemented which achieve
the same functionality. In a conceptual sense, any arrange-
ment of components to achieve the same functionality 1s
elfectively “associated” such that the desired functionality 1s
achieved. Hence, any two components herein combined to
achieve a particular functionality may be seen as “associated
with” each other such that the desired functionality 1s
achieved, irrespective of architectures or intermedial compo-
nents. Likewise, any two components so associated may also
be viewed as being “operably connected”, or “operably
coupled”, to each other to achieve the desired functionality,
and any two components capable of being so associated may
also be viewed as being “operably couplable™, to each other to
achieve the desired functionality. Specific examples of oper-
ably couplable include but are not limited to physically mate-
able and/or physically interacting components and/or wire-
lessly 1nteractable and/or wirelessly interacting components
and/or logically interacting and/or logically interactable com-
ponents.

With respect to the use of substantially any plural and/or
singular terms herein, those having skill in the art may trans-
late from the plural to the singular and/or from the singular to
the plural as 1s appropriate to the context and/or application.
The various singular/plural permutations may be expressly
set forth herein for sake of clanty.

It will be understood by those within the art that, in general,
terms used herein, and especially i the appended claims
(e.g., bodies of the appended claims) are generally intended
as “open” terms (e.g., the term “including” should be inter-
preted as “including but not limited to,” the term “having”
should be mterpreted as “having at least,” the term “includes”
should be 1interpreted as “includes but 1s not limited to,” etc.).
It will be further understood by those within the art that if a
specific number of an mtroduced claim recitation 1s intended,
such an intent will be explicitly recited 1n the claim, and in the
absence of such recitation no such intent 1s present. For
example, as an aid to understanding, the following appended
claims may contain usage of the introductory phrases “at least
one”” and “one or more” to introduce claim recitations. How-
ever, the use of such phrases should not be construed to imply
that the introduction of a claim recitation by the indefinite
articles “a” or “an” limits any particular claim containing
such introduced claim recitation to inventions containing
only one such recitation, even when the same claim includes
the introductory phrases “one or more” or “at least one” and
indefinite articles such as “a” or “an” (e.g., “a” and/or “an”
should typically be interpreted to mean “at least one” or “one
or more”’); the same holds true for the use of definite articles
used to introduce claim recitations. In addition, even 1f a
specific number of an introduced claim recitation 1s explicitly
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recited, those skilled 1n the art will recognize that such reci-
tation should typically be interpreted to mean at least the
recited number (e.g., the bare recitation of “two recitations,”
without other modifiers, typically means at least two recita-
tions, or two or more recitations). Furthermore, in those
instances where a convention analogous to “at least one of A,
B, and C, etc.” 1s used, 1n general such a construction 1is
intended 1n the sense one having skill in the art would under-
stand the convention (e.g., “a system having at least one of A,
B, and C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
In those 1nstances where a convention analogous to “at least
one of A, B, or C, etc.” 1s used, 1n general such a construction
1s intended 1n the sense one having skill in the art would
understand the convention (e.g., “a system having at least one
of A, B, or C” would include but not be limited to systems that
have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.).
It will be further understood by those within the art that
virtually any disjunctive word and/or phrase presenting two
or more alternative terms, whether 1n the description, claims,
or drawings, should be understood to contemplate the possi-
bilities of including one of the terms, either of the terms, or
both terms. For example, the phrase “A or B” will be under-
stood to include the possibilities of “A” or “B” or “A and B.”

While various aspects and embodiments have been dis-
closed herein, other aspects and embodiments will be appar-
ent to those skilled 1n the art. The various aspects and embodi-
ments disclosed herein are for purposes of illustration and are
not itended to be limiting, with the true scope and spirt
being indicated by the following claims.

What 1s claimed 1s:

1. A method of reclaiming metal, the method comprising:

providing an article having one or more components con-

taining or coated with copper;

providing a barrel disposed 1n a container, the container

containing an electrolytic solution and a copper starting
pole component;

positioning a plurality of electrically conductive particles

and the article within the barrel; and

separating one or more copper 1ons from at least a portion

of the article by electrolysis.

2. The method of claim 1, wherein the article comprises
one or more circuit boards having a copper component dis-
posed at least partially thereon.

3. The method of claim 2, wherein the copper component
comprises a copper foil.

4. The method of claim 2, wherein the positioning step
comprises placing the circuit board in contact with one or
more of the plurality of electrically conductive particles and
the barrel.

5. The method of claim 1, wherein the positioning step
comprises placing the article 1n contact with an 1inner surface
of the barrel.

6. The method of claim 1, wherein the positioning step
comprises positioning the article in contact with at least a
portion of the plurality of electrically conductive particles and
a conductive 1nner surface of the barrel.

7. The method of claim 1, wherein the container comprises
an electroplating machine.

8. The method of claim 1, wherein the plurality of electri-
cally conductive particles comprises one or more of lead
particles, lead-antimony alloy particles, lead-tin-calctum
alloy particles, conductive plastic particles and graphite par-
ticles.
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9. The method of claim 1, wherein the electrolytic solution
comprises one or more of copper sulfate and sulfuric acid.

10. The method of claim 1, wherein the barrel 1s comprised
ol one or more of an acid-resistive material and a thermo-
resistive material.

11. The method of claim 1, wherein the separating step
comprises,

clectrically coupling the barrel to a positive pole of a power

source;

clectrically coupling the copper starting pole component to

a negative pole of the power source; and

applying a voltage by the power source.

12. The method of claim 11, wherein the voltage 1s about
0.2V to about 0.4 V.

13. The method of claim 1, wherein the copper starting pole
component comprises a copper starting pole plate.

14. The method of claim 1, further comprising:

rotating the barrel about an axis to facilitate enhanced

contact between at least a portion of the article and at
least a portion of the plurality of electrically conductive
particles.

15. The method of claim 1, wherein the article further
includes one or more non-copper metal components; and

wherein separating one or more copper 1ons from at least a

portion of the article by electrolysis causes separation of
the one or more non-copper metal components from the
article.

16. The method of claim 15, wherein the one or more
separated copper 10ns are recerved by the copper starting pole
component; and

wherein the one or more non-copper metal components fall

to a bottom surface of the container.
17. The method of claim 1, wherein the article comprises a
plurality of articles, each respective article containing at least
one component containing or coated with copper.
18. A method of reclaiming metal, the method comprising:
providing one or more articles, each respective article con-
taining at least one component containing or coated with
Copper;

providing an electrolytic bath adapted to receive a porous
plating barrel, an electrolytic solution and a copper start-
ing pole component, wherein the plating barrel 1s
adapted to recetve the one or more articles and a plurality
of electrically conductive particles;

positioning the one or more articles and atleast a portion of

the plurality of electrically conductive particles 1n the
plating barrel;

positioning the plating barrel 1n the electrolytic solution;

separating one or more copper 1ons from at least one of the

one or more articles 1nto the electrolytic solution using
an electrolysis process; and

receiving at least one of the one or more separated copper

ions by the copper starting pole component.

19. The method of claim 18, wherein the separating step
COmMprises:

coupling the plating barrel to a positive pole of a power

SOurce;

coupling the copper starting pole component to a negative

pole of the power source; and
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applying an electrical potential to facilitate the electrolysis

process.

20. The method of claim 18, wherein the one or more
articles comprises one or more circuit boards having a copper
fo1l disposed at least partially thereon.

21. The method of claim 18, wherein the positioning the
articles and electrically conductive particles step comprises
placing the one or more articles in contact with one or more of
the plurality of electrically conductive particles and the plat-
ing barrel.

22. The method of claim 18, wherein positioning the plat-
ing barrel step comprises at least partially submerging the
article and the portion of the electrically conductive particles
in the electrolytic solution.

23. The method of claim 18, wherein the one or more
articles further includes one or more non-copper metal com-
ponents; and

wherein the separating step causes separation of the one or

more non-copper metal components from the one or
more articles.
24. A method of reclaiming metal, the method comprising:
providing one or more circuit boards, each respective cir-
cuit board having a copper component disposed thereon;

providing an electrolytic bath adapted to receive a porous
plating barrel, an electrolytic solution and a copper start-
ing pole component, the plating barrel adapted to recerve
the one or more circuit boards and a plurality of electri-
cally conductive particles, the plating barrel further
adapted to allow the electrolytic solution to enter and
exit the plating barrel;

positioning the electrolytic solution in the electrolytic bath;

positioning, 1n the plating barrel, the one or more circuit

boards 1n contact with at least a portion of the plurality of
clectrically conductive particles;

positioning the plating barrel and copper starting pole com-

ponent 1n the electrolytic bath;

biasing the plating barrel with a positive voltage relative to

a voltage of a copper starting pole component to facili-
tate transier ol one or more copper 1ons from the at least
one copper component to the copper starting pole com-
ponent via electrolysis; and

rotating the plating barrel within the electrolytic bath to

facilitate exposure of the at least one copper component
to the electrolytic solution and the portion of a plurality
of electrically conductive particles.

25. The method of claim 24, wherein the biasing step

COmMprises:
coupling the plating barrel to a positive pole of a power

SOUrcCe;
coupling the copper starting pole component to a negative

pole of the power source; and

applying a voltage by the power source.

26. The method of claim 24, wherein the positioning the
one or more circuit boards step further comprises positioning,
in the plating barrel, the one or more circuit boards in contact
with a conductive mner surface of the plating barrel.
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